. INTRODUCTION
In a 3-dimensional atom probe (3DAP), the single atom sensitivity microanalysis of the atom probe is combined with position sensing, to produce an instrument which is able to map out the chemical identity and position of atoms originally present in a field-ion specimen with near atomic resolution. The first 3DAP instrument to be developed was the position-sensitive atom probe (PoSAP), which uses a detector based around a wedge-and-strip anode [I] . However, this system suffers from loss of position information when more than one ion is evaporated on a single pulse. In many materials, differences of evaporation fields between elements make it impossible to avoid multiple ion events, and in these cases quantitative analysis requires a multi-hit detector. The tomographic atom probe (TAP) uses a detector based around a 10 x 10 multi-anode array to provide multi-hit detection [2] . The electron cloud from each ion is divided between 4 elements in the array, and exact ion positions are calculated by charge centroiding.
The optical PoSAP (or OPoSAP) combines a primary detector (a chevron channel plate and phosphor screen assembly), a gated image-intensified camera and an anode array photomultiplier tube 131. The arrangement of the detector system is shown in Figure 1 . Light generated at the primary detector by an ion impact is divided by a partially reflecting mirror and focussed on both the camera and photomultiplier tube. The camera image of a spot on the detector provides an accurate position determination, as in the optical atom probe [41. Light from the same spot reaching the photomultiplier produces a signal on one (or more) of the anodes, permitting approximate flight time and position measurements for the ion. Together with the accurate flight time measurement from the primary detector, this combination therefore gives parallel position determination and parallel flight time measurements for multi-hit events in the atom probe, and results in a significant improvement in positioning efficiency. The detection efficiency is also improved by including a positively biassed mesh in front of the input channel plate [5] . This causes secondary electrons generated when ions strike the area between the channels to be returned towards the detector. Detection of these electrons increases the efficiency of the detector above the open area ratio of the channel plate (65%) to approximately 80% [6] . Previously, 3DAP instruments have been based around a straight flight path configuration, such that their mass resolution has been limited by ion energy variations to n~/Am=100-200 full width at half maximum (FWHM). We have built an instrument which combines an OPoSAP detector with energy compensation based on a reflectron, to produce the first energy compensated 3DAP [7] . This instrument makes it possible to perform 3-dimensional atomic-scale elemental mapping of complex engineering alloys which have mass peaks lying close together in the spectrum. The mass resolution which can be obtained with the instrument (m/Am=500 FWHM) is demonstrated in Figure 2 , which shows the mass spectrum from the analysis of the stainless maraging steel, Sandvik 1RK91. Although some of the nickel and molybdenum peaks are only ' 1, mass unit apart, they are fully separated. This paper describes some of the initial applications of the new high mass resolution, high detection efficiency 3DAP to problems in materials science. Mass to charge ratio (ule)
Mass spectrum from the analysis of the stainless maraging steel 1RK91. The mass resolution measured from the spectrum is m/Am=500 full width at half maximum, and m/Am=500 full width at tenth maximum.
. SITE OCCUPATION IN TITANIUM ALUMINIDE
Titanium aluminide intermetallics are of interest for specific high temperature applications in, for example, jet turbines [S]. However, they suffer from significant drawbacks at present, including lack of medium temperature ductility, and environmental degradation. A range of substitutional elements are being investigated for their ability to modify the intermetallic properties and optimise the alloys for specific applications. In order to understand the phase stability of these intermetallics, it is important to determine the sites occupied by the substitutional elements within the ordered L1, structure [9] . A section from the OPoSAP analysis along the [OOI] direction of Ti-48at.%Al-2at.%Ru, showing the region close to the (001) pole, is given in Figure 3 . The depth scaling in the atomic distribution (Figure 3a ) is taken directly from the sequence of detection of atoms within the entire analysis, with no depth corrections. Individual Ti and A1 planes within the superlattice are clearly visible, with differences in spacing which are due to the very different evaporation fields for the two elements. An aluminium plane evaporates slowly, followed rapidly by a titanium plane, [lo] so the aluminium planes appear wider than those of titanium. The positions of the ruthenium atoms is also shown, and these appear to be associated with the A1 planes. This is demonstrated more clearly in the ladder diagram plot of Figure 3 (b). However it should be noted that such a result can be influenced by preferential evaporation or retention, and further data is required to confirm this observation. The success of a plane-by-plane analysis such as this is critically dependent on having high detection efficiency. 
. RHENIUM-CONTAINING NICKEL-BASED SUPERALLOY
Superalloys continue to be the primary high temperature material for jet engine turbine blades [ll] . Since their original invention in the 1950s, there have been incremental improvements in superalloy properties. The current generation of nickel-based superalloys have significant levels (5-6 wt.%) of rhenium added, in order to improve the high temperature creep resistance. However, the exact mechanism by which this improvement occurs is not yet understood.
An OPoSAP analysis through the yly' interface in a rhenium-containing nickel-based superalloy is shown in Figure 4 . The alloy had been solution treated and aged at llOO°C. Elemental distributions of nickel and aluminium clearly show the position of the interface. On the left-hand side, the aluminium concentration is low and is distributed randomly. To the right, there is a higher level of aluminium and it is clearly arranged in atomic planes, which correspond to the mixed planes in the L1, ordered superlattice. As in the case of the titanium aluminide intermetallic, the spacings of the superlattice planes do not appear to be equal, as the evaporation field for the mixed Ni+Al layers is higher than that for the pure nickel. Individual atomic planes can also be discerned in the nickel distribution within the y phase, but this is not so clear since the spacing between planes is identical, and half that of the superlattice spacing in Ni,Al. The rhenium distribution shows strong partitioning to the y phase, and atom probe measurements have indicated that there is an increased concentration at the yly' interface, although this is not clear from the element distributions in Figure 4 . This is likely to be a 'bow wave' effect generated by the rejection of rhenium from the growing y' phase. The slow diffusion of rhenium during creep may be the cause of the observed improvements in properties. 
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. STAINLESS MARAGING STEEL SANDVIK IRK91
A new type of cobalt-free stainless maraging steel, Sandvik 1RK91, has recently been developed for use in surgical instruments. The steel composition is 71.6%Fe -13.O%Cr -8.7%Ni -0.73%A1 -l.l%Ti -1.8%Cu -2.3%Mo (at.%). The steel is produced in wire form, hot rolled and cold drawn to 91% reduction of area, creating a fully martensitic microstructure [12] . An optimum hardness of 650 HV and a tensile strength close to 3000 MPa is achieved for the recommended ageing treatment of four hours at 475°C [13, 141 . Atom probe studies of precipitation processes in this steel at 475°C have been reported by Stiller et al. [15] , who found that Ni-and Cu-rich precipitates predominated at shorter ageing times, often in contact with one another. The OPoSAP analysis of a IRK91 specimen aged for 1 hour at 450°C is shown in Figure 5 . Copperrich regions form even at this early ageing, and persist throughout the ageing times studied (up to 100 hours). Adjacent to the copper rich particles, a phase is observed which is rich in nickel, titanium and aluminium. At later stages of ageing, the composition of this phase is approximately 70%Ni -10%A1 -15%Ti, with small amounts of other elements such as Cu. The proportions of Ni, A1 and Ti correspond closely to those expected for the y' phase, Ni,(Al,Ti). Phases rich in iron and molybdenum are also observed, especially at later stages of ageing. These latter phases appear to form in contact with either the copper-rich particles or the y' phase phase.
The Cu clusters shown in Figure 5 would be expected initially to have a metastable b.c.c. structure, which then transforms martensitically to the 9R structure, as in Fe-Cu alloys [16] . The lattice spacing of the close packed (009) planes of the 9R structure of Cu is approximately 0.204 nm, which is intermediate between the spacings of the Fe (01 1) plane (0.202 nm) and that of the y' (1 11) plane (0.209 nm). Thus as well as providing a structural template, the presence of the Cu particles provides for a reduction in the elastic strain energy concentration at the precipitate-matrix interface. Our observation of the y' phase is at variance with the previous AEM identification of "L-phase" , and with the atom probe results of Stiller et al. [lo] , who report a phase with composition 48%Ni -9%Fe -5%Cr -10%Mo -19%Ti -9%A1. The reason for the discrepancy is unclear, but the likely explanation is that in the previous work there was overlap of X-ray and ion signals from different phases. The high spatial and mass resolution of the OPoSAP permits a fuller characterisation of this complex microstructure.
. CARBON SEGREGATION TO DISLOCATIONS
Cottrell and Bilby, in their classic work of 1949, first developed the idea that the segregation of carbon atoms to form atmospheres around dislocations could be used to describe the strain ageing in iron [17] . Using an imaging atom probe (IAP), Chang provided the first direct evidence for these 'Cottrell atmospheres' [la] . By superimposing field ion micrographs and carbon gated IAP images, Chang demonstrated carbon segregation to dislocations in low carbon lath martensites. However the efficiency for detection of carbon in the IAP was low, since carbon field evaporates in a number of cluster species and it was only possible to gate for a single species at any one time.
We have extended the work of Chang by using the OPoSAP to perform three-dimensional atomicscale mapping of carbon atmospheres at dislocations. A high purity Fe-lat%C alloy was austenitised at 1100°C and rapidly quenched, first into iced brine and then into liquid nitrogen, to generate a full? martensitic structure. The lath martensite has a high density of dislocations, of the order of 10"-10'2 cm-, increasing the chance of observing a dislocation within a given field-ion specimen. Specimens were subsequently stored at 0°C and then room temperature aged for varous times (in excess of 24 hours) before FIM imaging and OPoSAP analysis. Figure 6a shows a field ion micrograph from a small area of a room temperature aged Fe-lat.%C martensite specimen. The spiral contrast clearly the presence of a dislocation, though there is not sufficient information in the FIM image to determine its type, except that there is a component of the Burgers vector normal to the specimen surface. OPoSAP analysis of the same region clearly shows the carbon segregation associated with the dislocation, Figure 6(a,b) , which has a distinctly anisotropic radial distribution. The atmosphere has a peak concentration of approximately 8 at.%C and contains 21f 1 carbon atoms per atomic layer along the dislocation line. The high detection efficiency and high positioning efficiency of the OPoSAP is essential for accurate characterisation of these carbon atmospheres. 
